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irefare 


This little book, has been brough 


numerous requests, for a handbook describing the de- 
sign and construction of various sizes of Induction 


Coils and Transformers. As Editor of the question 
£f Modern Electrics, the -in- 


pretty well known, and an effort has been made 
bring the work strictly. up-to-date, with n 
tables, compiled especially for it, 3 

A section is devoted 


to 
ew data, and 


ruction of open and 
» Up to 3 Kilowatt Capacity, 
eral new tables, of value, to 
weight of iron in cores, en- 


pendix contains sey 

the coil builder, including 
ameled wire data, etc. 

The following works have been freely consulted: 

“Induction Coils,” by Norrie. “Design and Construc- 

tion of Induction Coils,” “by A. F- Collins. “Wire- 


less Telegraphy and High F Fequency Electricity,” by H. 
La V. Twini 


th 


in 


Oe | H. Winfield Secor. 
New York, Oct., 1910, 


t out, in answer to 4. 





CHAPTER I. 


The Induction Coil. 

Its History and Theory. ok 

The i know it to-day, is the out- 

nduction coil as we 

oa f developments extending back for three aoe 

ee oe a century. The credit of See - 

a BF achion coil is generally given to Michae 
rs 


Faraday, the father of the dynamo, motor, and trans- 
aly ’ 


that he was the first man 
in virtue of the fact tha 
Pe oiccover that electricity could be Sees ne 
aa of wire by the change in strength of the mag 
Col 


netic field surrounding it~ 


His first experiments with Eon cet ” ae 
with a close : 
rents, were carried on wi od 
a with two separate coils, one on either eer: 
ee ine Later he made up a transformer, coward 
We oie is nothing else than an rae a ae 
' isting of a straigh 
we have to-day; consisting sone 
a ee wound with a coil of a few turns of ae 
ied wire, and over this another coil, or secondary 
a , : 
e number of turns. 
Be cn that time on, the development of the eee 
>) ? ; be 
coil has related mostly to the improvement o if 
various parts. 3 
E Ose of the first fundamental laws to es a 
il, was made by 
| tion of the induction coil, , 
se namely; that the direction of a current Br 
duced by electro-magnetic induction is ee wae 
as to cause it to oppose the motion by which suc oe ae 
were produced, and this is now known as 
ne first application of the ee ae 
breaker, or interrupter, known, was made by : mae : 
of Ireland. Shortly after this Sturgeon ee ee 
mechanical interrupter comprising a cup oO eee 
with a wire dipping into-it. The wire was ca 
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be raised and lowered 
times as thirty-six per 
movement. 
per second, was short] 
a revolving disc arran 
made use of, to make 


One of the greates 
the induction coil wa 


iron core by a bundle of soit iron wires by Callan. 


PRIMARY Coin. 


Figure } 


il, evolved by him. The method 


of winding the secondary coil in several sections, so 
as to subdivide the strain in it due to the very thigh 
voltage induced in same, is generally attributed to 
Poggendorf, of Germany, but is known to have been 
first utilized by Page. 

he common Spring vibrator, as illustrated in Fig, 
1 was invented by Neef, of Germany, in 1840, and be- 

ies a small piece of Soft i 


into the mercury as man 
second, by a cam and lever 
A frequency of interruption of 540 times 

y aiterward attained by usin 
Srment. Allof these devices 


t improvements ever made in 
s the replacement of the solid 


seh oe 
THE INDUCTION COIL. | | 


: ry from the primary by means 
insulated ae es ae the primary cou and ae 
of a Bon. of glass discs at une enters sae ’ 

a rff is also ¢ 
iy coil. 1) ee or current Os ie 
making oe direction of the primary current a c 
changiv's d possibly the most important pobre 

pie Cae 4 the efficiency of the induction ae 
Me. conection of a cee te ae o 
mee te inals or contacts, by Fizeau ; 
rupter termina 


Onto: . 
‘a Perce on coil and its various. parts have been 
pehe 1 


i wenty- 
tent, in the last twen 
; on to such an ex ‘ 
improved up as 


Figure 2 


CONDENSER ee 
it is now possible to buy on order a 
a. ee eine a cae fifty inches in Sve 
Baton ot the induction coil is due to the fact, 
. rent passing momentarily in the ete! 
ais ae coil, creates a magnetic field of ae 
ie hen another coil of wire is placed ve , 
Pt hs parallel to that of the primary oT Ee 
Fes | this coil a secondary current, whose vo aoe 
co ional to the number of turns of wire it an 
: a ‘ comparison to the number of turns " : 
ein s Thus, if the primary coil contains 100 ee 
ad the. secondary 50,000 turns, then if the ate ae 
10 volts flowing through it, the ee i 

5,000 divided by 100 or 500 times 10 volts, > 
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it, which is equivalent to 5,000 volts: suffi 
an air gap one quarter of an inch long. 


The action of the induction coil at make and break 
is best explained by looking at 


eee Hie 


of the primary current, 
the following diagrams. As will be seen in Fj 
the direction of the induced current in the secon 


IS Opposite to the direction of the primary curre 
make, which as will be ¢ 


with LENZS LAW. <1 
ary current induced at t 
cuit, is not of a very hig 
Inverse current. 

The conditions resultin 
circuit, are exhibited at F ig. 4. The secondary induced 
current 1s now in the 
current, and of a very high instantaneous value, also 


having much Steater power, than the inverse half- 
wave, 


dary 


Mis at 
emembered is in accordance 


he half wave of the second- 


Figure 3 


It will now be evident that in the ordinary induc- 
tion coil, such’as the medical coil, for instance; an 
intermittent direct current flowing in the primary 
winding, is transformed into an unsymmetrical alter- 


nating current in the secondary winding, the half 
waves not being harmonious 


cient to jump: 





g from breaking the primary. 





Same direction as the primary , 
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In a spark coil, an intermittent direct current fllow- 


ing in the primary, is transformed into es 
trical alternating current in the seconda ye P oY 
vidi the spark gap is sufficiently short to allow : 
eee or inverse half-wave of the a a 
jump it; otherwise if the gap is so long as to perm 


only the half-waves resultant from Beene ee 
ay circuit, jumping a it, as ae ae 
nt di rt condary. 
direct current flows in the se : 
i this current may be found by ae ee oe 
test-paper, or by attaching two pieces 0 iF ee 
to the secondary terminals, one of which wi ie pei e 
hot, while the other remains cold. The co 
the positive terminal of the coil. 


Figure 4 


ie |r 
BREAK! | 


The most important feature is that eet asligees se 
cuit shall be broken as abruptly as possi ae ate 

ondenser is shunted across the oe 
ae ae the extra or self-induced curren 
ee eich would otherwise unduly ee 
in Fe aap acugation of the ae Sa Pace 

ndenser Ww 

a a eae Heecoeed of interruption, the 
ela the capacity of the condenser may. be. 
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CHAPTER It 


COIL CONSTRUCTION. 
Ae a C. C. Wuirtaxer 
unt or recent developments in w; 
ey and rey work, the induction ab 
» aS It was first called, is now no lo oe 
aE onger con- 


most a necessity j 
The proportions of the Seg 
ure upon the use to which the 


ormer would be rela- 


The latter pos 
° ° . 
quality of quick action, but the outer ee ae 


secondary are so far r 
emoved from th 
a he most 
ee Hes field that its efficiency is sense a 
ee a result of this, a compromise ee bs 
eae oe eae Practice makes the length of 
tw steat as its diameter 

cone ee of the core follow the same eneral 
ee - oe os vane always have came 

O strangle th 
ve Ansie the magn 
ee flows through it: It jc poor eee nee 

€ core of small diamet es 

Good proportions 
ae at the end of this book 
€ size wire to be used {¢ 
: €d 1S another varyi 
eee the nature of the Spark desired. : Hee 
meee §ives a long thin spark: number 30 to 34 
oe orter and fatter one. Larger wire th 
ate : com used. Modern wireless coils ue 
a ee at t with number 30 wire on account of 
r emciency. For the primary there is an af 
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vantage in using large wire. This allows plenty of current 
to flow, does not heat up readily, and enables the coil to 
demagnetize quicker than if it was wound with more turns 
of finer wire on account of the inductive effect which the 
latter would have. ~ 

Number 20 to 22 soft wire seems to be about the 
best for core construction. If this cannot be pro- 
cured in the soft form, it may be softened in the fol- 
lowing manner: 

After the wires have been cut the proper length 
and straightened, the whole bundle should be bound 
tightly in four or five places with wire so as to bind 
the whole firmly together. This bundle is now laid 


Figure 1 


in a coal fire, where it is heated till nearly red hot, 
after which it is taken out and covered thoroughly with 
ashes. The object of this is to afford the bundle a 
chance to cool slowly. In all, it should take about 
two hours for this to cool sufficiently. If the bundle is 
heated too hot it will oxidize and thereby lessen the 
quantity: of iron in the core. This cooling process 
having been completed, the ends of the core can now 
be squared off and the whole bound with one layer 
of fine, strong cord. Greater firmness will be secured 
if the core is now soaked in melted paraffine, or, better 


still, thick shellac. 
The primary is now ready for winding. Usually 
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two layers of wire are enough. . This brings the two 
ends out at the sdime end of the core. 

© hext subject under consideration regards the 
insulation which is to separate the Primary and sec. 
ondary Windings. The best materia] for this is of 
course hard rubber, but this may prove expensive, es- 
Pecially if the coj] is large, “Co 
obtained either Dlack or red ; 
Price and forms a fairly 
can be procured in any 
well to make his 
buying this tube, 
insulating tube that 


n color 
good substitute. 


We are now read 
coils givin 

be bu ¢ 

th end of which can be readily 

| of this arrange- 

The two large 

he inside with 

Paraffine, Discs 

lof compressed 


spark they should be even thinner. 


Every Other sec- 
tion is wound in the o 


Pposite direction. The wire 





mpressed fibre can be 
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araffine, as it is wound 
Be he ee ee enon cements the eas 
tion Gocciieg : increases eee ae ee 
: ecti le: SeCti 
the handling of the a ee 
ae eerie attention next, the ee 
| brat : of which depends upon its size and ee 
fe ee id vibration is desired, the vibrato . 
If a . ates short; the soft iron head is ee e 
ae cele a heavy head giving rise to slow yi ue 
ne The full vibration is checked if the ene 
ae iS Siaced so as to make contact near this head. 
SC 


Figure 3, 


ts 
f vibrator. The contact 
ows a good form o s 
an of SCHL size to carry a ae spats Nee - 
| ir faces truly p Ne 
} nd should have their ( | ae 
a this will result in nothing but inefficiency in 
Ss 
e « k- 
ae contact screw must be BOG aes 
rrangement to mainta Ne < : 
the ate is perhaps the most ee 
at the coil. Its function is to oe scion 
id ced current in the primary and, by oe sae 
- dire of its discharge, to increase the outp 
na 
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secondary. It is made of al 
and paper. The Shape or th 
immaterial as far as results 
venience, however, the cond 
pleted, have the same propo 
it will fit nicely underneath 
used for this work should be entirely 
and should combine. the 


ternate pieces of tin foil 
ickness of the tin foil is 


rtions as the coil, so that 


free from holes 
qualities of thinness and 


together until cold. A book 


Purpose. If a variable Capacity is desired, the con- 
densers are connected in parallel by a switch. Con- 
a will be found ; 


in the tables at the end of 
this book, for all size coils. 


Se 
SECONDARY COIL IMPREGNATION. 
By C. C. Wuirraxer 

The efficiency of a home-made induction coil, in nine 
cases out of ten, falls much below the estimated effi- 
ciency before construction. This is due to 4 variety of 
causes which the amateur instrument maker finds it 
difficult to overcome. Such difficulties as not being 


able to “lay” the adjacent coils of the secondary close 


enough together and of not being able to sufficiently 


insulate these are common annoyances which seem to 
be inevitable. 


_The practice of winding a secondary by 


first letting 
the cotton or silk cover 


ed wire run through molten 


enser should, when com-- 


the coil:base. The paper | 
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paraffine certainly does ee the ae ue 
t great expense of space. — 
Ler ie paraffine and immersed in Ut aias a 
A lineeed oil will behave ee re ons 
expelled from the coils. € ex ) 
eee by the aid of the air ie ae 
In the following paragraphs I shall endea ‘ = 
ae a method which is very satisfactory and easy 
ee i rati he tank which contains 
ing at the illustration, the 
eee or oil should be one-half again as long 


iS Wl hole 

s the assembled secondary. This will ye ee ae 
be dary to be suspended by the rod, R, a 
on ; aE oil while the air is being exhauste: oe 
Ue tak itself should be made of materia i 
‘iently heavy to withstand the atmospheric ae ee . 
oh hit ill be subjected. The bottom edges should b 
a ed vi render the tank airtight. The top ree is 
ae thi so as. to: fit the plane surface of the oP 
ne Ngine tect has the suspension rod running 
Tee h its center and held in place by eae 
Near Sie edge is soldered a small metal tube 

as a connection for exhaustion. 





DN RIISS a 
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This top is h 
from the outside. 
vaseline will effectu 
while exhaustion j 
should also have a 


ly stop an 
S taking place. 


slight coating of vaseline. 


A very efficient air 
lowing 


The T-shape tube containing the stop cocks A and 
B can be made either of glass or metal. It is connected 
tel by 4 Piece of heavy rubber tubing. Another 
Piece of tubing of the same diameter and about fou 
feet in length extends (rom Ht 6° D). The end at D 
terminates in a funnel. : 

The operation of the pump is as Simple as the con. 
struction. The tube C D is filled with mercury. A 
is closed and B is open. 7 


The funnel is now raised unti] 
the level of the mercur 


peape. When the level of the 
mercury again reaches B, the valve is closed and the 
Process is repeated. 


When the exhaustio 


n has 
sufficient 


been carried on Era 
degree the paraffine may be melted and the 
into it by the rod R. After doing this it 
may be well to start the pump again on account of the 
Sases given off by the hot paraffine. 
_ After being thoroughly Saturated, the coil may be 
he liquid and allowed to cool. 


y air from entering 
The suspension rod 


US. 218 
INCREASING EFFICIENCY OF SPARK COI 


RATING SPARK COILS. 


ae 
ood many amateurs labor under Ee vee oe 
ne that the actual length of the sp eet 
Fae coll is computed by the distance 
uc 
= the 
aes eae pare is erroneous. The ee as ves 
nies ust be measured between a ae, ee 
Tee is for instance a 1 inch coil wi ee 
Paes than 14” spark, measured between t ne 
Thi eh account of the balls having a large cap ; 
S 
which cuts the spark length down. 


IENCY OF SPAR 
SING THE EFFIC 
Eee COILS. 


an Eng- 
An interesting discovery has been oe Shed ‘he 
hit be ete ies his 144” 
Pe two Wehnelt me ak ee 
ae arks up to 544", whic 3 
. : uld give spar i 
Ue ule en intense than the original 1% 
eng ) ths 
; t the 
oe eans of rotating mirrors 1t was Sree See te 
es of the pase Nes ee a a ee 
intet ; by using two. ; 
nelt reat a ae Bp ee a interrupters aS ae 
slike on siceiies in the rotating mirror that the p 
alike, o1 
d hot alternately. such 
ee eos interesting, too, that a ie ie ereaity 
Hieelinies in series the efficiency of a c g 
increased. found that while with ‘one fe es ee 
20 volts across a peed Diy Coney ees 
were 1/2” long, bu | obtained, and 
coat same voltage, 5%4 Sas were obtained, ar 
eres were required. 4 Wehnelt 
ee vaautt were obtained by using two W 
interrupters in parallel. 
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CHAPTER ITI. 
— 
IN TERRUPTERS. 
By ALP. Morcan. | 


raf ih, ve) jaint signals are heard 
@ human cae = fe € rate of interruption is high: 
what higher thes te Sensitive to sounds cone: 
telegrap] hi ones produced j 
“Staphy. This seems to argue for 4 rey hee 
ee 


of Interruption, I+ m: 
Boe - it migh : 
the rapidity of oscil Sht be well to explain here that 


are totally q f inter ruption 


Speed of break is j; peed of break, Th 
. : ns e€ total 
1S required. tantaneous and then NO condenser 


Again, if too fast, the | 


: 
Ccondary currents will run into 


the brea} will occur before the. 


Maximum and the re- 
ed away. As the core 
larger than the 

for with 


INTERRUPTERS. 217 


Thus it is seen that from the standpoint of the in- 
duction coil, a low rate of interruption is desirable. 
As there are other factors also to consider, the inter- 
rupter must be atonic or adjustable. An ideal inter- 
rupter is designed to give the longest possible time 
after the primary circuit is “made” and before the 
“Dreak” occurs, which must be as sharp as possible. 

A neat and efficient interrupter which fulfills these 


‘conditions and gives excellent results with small coils 


is illustrated in Fig. 1. 















































Figure 1 

This interrupter, when connected in series with any 
coil from one to twelve inch spark, on to a 110 or 220 
volt, direct or alternating current circuit, will increase 
the secondary output twofold. Jmnstead of a thin, 
stringy spark, as given by the usual spring vibrator, 
a regular flame discharge is had, which: is the best 
one, for wireless work and X-rays. 
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The periodicit 
interruptions pe 
the Spring vibrator is from 150-200 interruptions per 
second. It costs very little to operate, and is both eco- 
nomical and of low first cost. 

arge coils generally use some form of mercury 
turbine interrupter. The last named is essentially a 
centrifugal Pump driven b electric motor, and so. 
atranged that it + ing stream of mercury 
| - Every time the mer- 
cury hits one of the teeth the ¢; 


circuit is made and 
when it passes between two it is broken, 


Figure 2 


The best form of 
mental work j 


interrupter 
S the electrolytic, 
Potential of 40 


a Caldwell interrupter, 

lead plate acting as a cathode and 
of dilute Sulphuric acid. 
platinum wire (B) placed i 


19 
INTERRUPTERS. 


heavy currents the liquid Os heated and 
the gases prevented from See ee - 
ee cot naan wire Cis. 3, - 
oe ee lass tube and immersing it with a lea 
ae fe solution of sulphuric acid (dilute). 
Tne Sia n or Caldwell interrupter operates by os 
ee cee current density at one our 2 
tae ie consists of a vessel containing pe 
aoe cid as an electrolyte which is divided me 
Ce by means of a diaphragm or partition 


il 


<M 
SUL 


Figure 3 


tion is made 
ing hole in the center. Connec 7 
ae ee of the electrolyte by strips of lead 
Snes of a hard glass tube is oe ae 
in flame and then a hole varying trom 1- fee pies 
of an inch made in it by blowing on the open 3 


| ade 
tube and thus bursting the soft glass, it may be mad 
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tO serve as an excel] - 

It should sin ut Simon Caldwell 4; 
be set Hp san 4 glass jar and ie ae 
a 
ae leaden rods a 
D tside. 1 | le tube and the 
rate of interruption the higher the 
current flowing, the amount of 


Both of the 


; improvised type o 
| oe ace above eo eee 
TEAS) £6 be att ; e, an 
they should be made adjustable. Fig a “XPerimenting 
| .4¢ 


a IVes a scheme 


MOD 


| 
A, ; 
st Ip, : 
5) LT q 
===) op 
—=\\ 


i HIN 
Lc] 44 HOLE THREA 
the i 5 
HARD RUBBER ate ae 


OR FIBRE TUBE : 


n- F 7 F 
[oh 
——— /F 
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Figure 4 
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so that when the tube is placed over the rod E the 
pin will engage the slot and the rod may be slid in or 
out of the tube but not twisted. The tube is passed 
through the wooden cover of the interrupter jar and 
held perpendicular by soldering to a large brass 
washer (C). The brass washer is bored to receive two 
small screws which fasten it to the cover. A large nut 
made of fibre or hard rubber serves as an adjusting 
handle. It is about 2 inches in diameter and ¥g inch 
thick. It is threaded to screw on the rod E and thus 
raise or lower it when revolved. The pin F prevents 
the rod E from revolving. The porcelain of a spark 
plug is fitted tightly into a fibre or hard rubber tube 
and serves to shield the wire, used as the anode, from 
the liquid save at its point or end. The reason porce- 
lain is used is that it does not crack easily. A piece 
of platinum wire to fit the hole in the porcelain is 
fastened to E. The porcelain and its supporting tube 
are fastened below the rod E to the cover. | 

The Simon Caldwell interrupter makes use of the 


Same mechanism, save that the size of the hole in the 


test tube is adjustable in size or area by raising and 
lowering a 44-inch pointed glass rod into it. (See -Ei 
in Fig. 4.) H and E are connected by G, which is a 
piece of fibre or hard rubber tubing fitting tightly 
over both. The cover of the jar consists of two parts, 
A and B, one supporting the adjustable electrode, or in 
this case the glass rod, and the other the test tube or 
hard rubber tube and porcelain in the case of the 
Wehnelt tvpe. 

Eloles. (A, Fig. 3, and M, Fig. 4) are always made 
in the tubes above the level of the electrolyte. The 
liquid tends to rise in the inside of the tube, and by 
this means is permitted to flow back into the jal eA 
deep jar is desirable and the wooden cover should be 
paraffined. The lengths of the various parts are some- 
what optional and may be made to suit the depth of 
the jar. 
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HOW TO BUILD AN EFFICIENT VIBRATOR. 


By “A. S. N” 


After experimenting on coil vibrators 


I have found that coils will do more 
from them if 4 Proper vibrator is yse 
with them. 3 


The following description is of a vibrator which has 
Proven to be the most Satisfactory and tapid vibrator 


» and has been used by myself 
on coils up to 4 inches with 


jg ae 


ME. 


the same gratifying results. The object in this con- 
struction is to get a rapid hammer blow action both to and 
away irom the contact points. This is done by re- 
levine the main spring M in Fig. 1 of part of the 
weight of armature A by adding an extra spring Ax at 
end of spring M, and have means to limit its range 
which is done by placing the extreme end, between two 
adjustable, solid contacts shown at H and K. When 
KS is so adjusted (at the block F to which it is fastened) 


for several 
years, and giving the different devices practical Service, 


than is expected 
d in conjunction 
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by means of adjusting screws Gl, G2, armature Ns 
drawn slightly away from core at C. au as 
spring M has been adjusted the proper distance ore 

by means of block D (which is fastened eens : ) 
and adjusting screws El and 2, screw H should t o 
be set so distance between under side of its head an 

K is slightly more than the thickness of the pre 
Ax. K should be slotted as shown Dy ond epee 
out for a lock screw I to prevent screw H from work- 
ing out of adjustment. ; 

ak simple sea ieat is shown in Fig. 2, ee e 
which the results are about the same. Although i 


must be said it is harder and rather inconvenient for 


uick adjusting. : 
: The springs of this arrangement are the same as in 
Fig. 1. S shows a screw or threaded brass rod set in 


head of the coil and on which are two nuts, Y1 and 
Y2, corresponding to H and K in Big lo Nea: and N2 
are lock nuts for nuts Yl and Y2. For above vibrators 
the electrical connections are the same as the ordinary 
vibrator ; the additional parts being for mechanical action. 

A little experimenting will soon enable Se 
quickly adjust the above vibrators without any ae © 
which when properly done, will be found very adapt- 
able for wireless work. Fig. 2 is to be adjusted a 
same manner as Fig. 1. As so much depends es t : 
springs, especially spring Ax, which must ee 
light, it would be useless to try to give further lire 
tions for adjusting. 
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CONSTRUCTION OF AN INDEPENDENT 


VIBRATOR. but hard rubber makes a much better base and gives 


By L SPANGENBERC a neater appearance. Four binding posts should be 
Perhaps some , i placed, one in each corner of the base. 
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-| “Abt Hoves 2 Diam- 
uy, °. 
%@ Countersunn 2 Deer xg DI 


se 


— een 


ra 


The two uprights shown in Fig. 8 and Fig. 4 are 
made of 44 inch brass. The screws in the top of each 





ae ee 





Figure 1] 














pac tain enough hard rubber ¥4 inch thick to make a 
. et as shown in Pig. 2, which shows 
eld toget rare 
into the top jee pete oe he yee upright holding the platinum points are made of 
| brass, having threads cut on each as shown. These 
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Pp p Pp 
9 ; 


shown in Fj 


nie eo §. 3 being about 3/39 inch diameter, while 


ay be much smaller. 


The armature and 


sprin 
g. 9, the constructi Pe ete ier cd 


on Of which willbe oleae 4c 


nly un- 
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derstood by referring to drawing. The springs are 
made of spring steel, and the bottom bracket olf 
brass. A-small platinum rivet or point should be in- 
serted in the small spring, as shown. 

The primary circuit spring is shown in Fig. 6, and 
is made of spring steel, with the bottom bracket 
of brass. When drilling and filing holes in spring, 
as shown, care must be taken that the holes 
are the right size and in the right place. The plati- 
num point in the top of this spring is held in place by 
soldering it in a brass cup, bolted to spring as shown. 

The electro magnets can be purchased from any 


=4, STEEL SPRING » op 


electrical supply house cheaper than they can be made. 
The figures in this article are to suit a pair of 4 ohm 
electromagnets purchased from a supply house. — Tap a 
No. 8/32 hole in the top of each magnet core and 
make two magnet ends of soft iron, as shown in Fig. 
%, which may be fastened to each electromagnet by 
a No. 8/32 screw. The magnets are spaced 1% inches 
apart, and fastened to a piece of soft iron, such as 
shown in Fig. 8. 

For the erection of this vibrator refer to Fig. 1 and 
connect up the instrument to correspond with grooves 
in the bottom base (Fig. 2), using No. 14 copper wire 
in connecting up the primary circuit. 
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If constructed as directed this vibrator will Operate 
any coil up to 12 inches. 51x volts will be enough to 
Operate a pair of 4 ohm magnets, and if used in con- 


\VA 
hous 
° | © To l=d S TN 
SWITCH Y } INSTRUMENTS 


Te Transmirtingl?_\9—\9-}> 


INSTRUMENTING 1 Beg : 
: : 


screw up the vibrator sc 
and wire as shown in Fig. 9, 


ee eed See Sg 
SIMPLE WEHN ELT IN TERRUPTER. 


By D. Apams. 

This interrupter is 
but it will give as g00 
good deal harder to make, 

First procure an old battery jar and the carbon to 
fit it. This must be of the design shown in Bige |. 

Next procure a brass rod, preferably 1 of an inch 
in diameter and about 15 inches long, and a Piece of 
glass tubing having an inside diameter just large 
enough to admit the rod and about 10 inches long. 
Close the end of it by heating the end in a flame in 
such a way so that the brass rod cannot proj 
that end of the tube. Then get a cork large enough 
to fit into the hole in the top of the carbon. Bore a 
hole in the cork just large enough to admit the glass 
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ssible so that 
his as snug a fit as possible s : 
pee: ea ane tube in the jar may Ce 
a nee the rod solder a lead weight. Te 
=e ‘call feeds the brass rod down as 1 cee 
ae The solution consists of 9 parts wate | 
a : 


Leapweigye SN BRASS Roo 


GLASS JAR. 


Pins. SOLUTION: 
1.6," 


lace enough of this in the jar to 
ee eae cae teh cs the end of the carbon. ae 
Seal the arts as shown in Fig. 1. You me on 
Se ene: by raising the tube in : ae 
bat leis beet to keep it about one inch from the 


LEAD WeigH? Cork 
y, GLass TUBE 


in your gap about % of an 
Pea ae ic As tlie best results. reese 
ae ous on in Fig. 2, winding ae wire oe 
ee ob ut the brass rod (Fig. 2), and connec a 
ae ae ie primary of the coil to.the screw on top 
wire 














‘ 
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of the carbon. It is always best to use a fuse block 


aS. shown to prevent accidents to the interrupter. 


: FUSE Blocks A\/ 


aa f a 


SPARK 


Coin GAP 


INTERRUP TER 
Le 


M.E. 


—_ 


SENG.2= = 
This interrupter will do very satisfactory work on 110 


V. A. C. Be sure to screw the vibrator down tight 
before using coil. 


AN ADJUSTABLE IMPEDANCE COIL. 
By Austin C. Lescarsoura. : 

In compliance with numerous demands from ex- 
perimenters whio possess electrolytic interrupters, 
and cannot obtain the expected results from them, 
the writer has tried to explain below the construction 
of an effective device to remedy these failures. 

An electrolytic interrupter connected in an induct- 
ance circuit is controlled by two factors, the point ex- 
posed (or size of opening as in the two jar type), and 
the amount of inductance in the circuit, these two 
regulating absolutely the frequency of the interrup- 
tions and the current flowing. Therefore, as the 
changing of the inductance in the circuit alone suf- 
fices to regulate the frequency, in non-adjustable. 
types this method is applied and with gratifying re- 
sults. The apparatus then necessary is a very grad- 
ual, variable, impedance coil such as described in the 
following paragraphs: 

The writer was shown this form of choke coil by 
Mr. H. W. Secor, He was once called upon to exam- 
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: ° if ict- 
‘ne an alternating current arc light in cen ies te e 
ee projector, which consumed an ee ne Hh Eiee 
ides burning very unsa nos 
ies ae forms of resistance and ae a : 
Dasticdon he resorted to the as eae in the 
seribed, which proved to be the se rom fue 
pe isode, and save ee eee 
aes When this same apparatus ee 
to with an electrolytic interrupter oF ee age ace 
nee, it again distinguished itseli by § 
O ’ 


lent results. : ‘her hard wood 20 inches 
Procure a piece of oak or ot h thick to serve for 


ide and 34 inc 
ee Le oe gee in the diagram, for 
€ Sas ° 3 


SLIDING |RON 
WIRE CoRE 
-Fig. iz 


ee inding posts and 
mounting the upright pieces, bi o 


tension bit. 3 
are cate from an electrical supply house, 
urc 


i insi ter, with wall 
i | 11%4 inches inside diame ; on 
oes ee foe a small pointed oe os : 
a slit 7 inches long by 1/16 inch wide, to 
ide for the indicator. 
e Wind on the bobbin, a, 


12 B. 
three layers of No. 
hellacing each 
red wire, carefully -s : 
a che We dine should cover 8 inches es ee 
oe and a tap should be taken from each layer, 
eneth, 
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shown in the diagrams, and cofinected to the three- 
point switch, F 1g 3. 

The sliding core Should be made of soft iron core 
wire, No. 22, which js sold by electrica] supply houses 
at a cost of about 20 cents Per pound. Obtain three 
pounds of 8-inch core wire, also a brass rod 4 inch 
diameter by 17 inches long. Build the iron core 134 
inches diameter around the b 
cord around the core so as to 
and solder it to the rod as il 
electrose handle on the end of 
and improve the appearance - 


ve RRUPTER “TRANSFORMER 


HOVAC 


= 


OR BC Maing 


- ADSUSTABLE 
INPE Danes Cen, 


° Fig, 3= 

small indicator to protrude through the slot in the 
fiber tube, 

After making the necessary connections to the 

binding posts and Switch, the coil is ready for Service. 

he coil when Placed in series with an induction 

ectrolytic interrupter, 

© 4 great variation in the frequency of the 

Spark. By utilizing only one layer of Wite, a very 

small amount of inductance is obtained. This ap- 

Paratus can be used in al] alternating current circuits 

for a variable choke coil, and as a ballast on direct 


current coils, and transformers up to 1% K. W. All 
high 


A TESLA COIL. 
By A. C. AusTIN, Jr. 


The Tesla coil, shown in the illustrations was Fe- 
cently built for the purpose of experiment, ee = 
many strange and beautiful effects may be obtaine 
with it, the author will describe in detail the construc- 

3 
ion of the apparatus. | ae ‘ 
This particular coil, when fy eee Aes 
ac our shee - 
induction coil, and a condenser o 
foil 10x12 inches mounted on glass plates, gave a 


=F geo: 


7 4§ 1 2 
— 


7 


a | 
spark 4 to 6 inches long and in a darkened room there 
nae a heavy brush discharge wee the Sree 
ight or ten inches, and occ ! 
ee ee t this distance. At 
single spark would pass even a ; 
all fees the secondary terminals, when the on in 
the room is turned down will have a Lele eriae ae 
emanating fro 
streams of light will be seen 
coe in all directions at times more intense onan 
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usual, and particularly so when one 
terminals is grounded. When th 
placed just beyond the dis 
pass, a great amount of oz 
_ The construction details 
as follows: : 
Obtain, or make 4 case 18x9x9 inc 
urement, made of 14-inch hard woo 


of the secondary 
e terminals are 


One will be liberated. , 
of the coil in question are 


hes, inside meas. 
d, and line same 


TOT 


Secondary Tika 


frig 3 
Aor- ft 

Ze & 

Pee: 

5 - $$’ 
: c- ¢ 
with sheet zine about 24 or 26 
the joints, and being sure that they are liquid tight. 
One-quarter of an inch from tl 


1€ top of the case, place 
a Strip 72 inch square all the Way around the inside 
ee 


gauge, soldering at 


two inches long in the 


middle of each end for the supports of the coil to fit 


through. 


tance at which sparks wil] 


A TESLA COIL. _ 


ae q 
{ wood 6 inches in diameter ane 
aan : eae re cylinder may be built eee 
‘a ot ts around several wood discs. On ae cy - 
ee vodadine the edges of the slats as He rasp 
we fou hundred turns of No. 30 B. a = Ses 
win tton covered wire, beginning a se oo 
eas ich from the end of the cylinder an wy : 
oe Ae as accurately as possible 1/27 o1 a 
i ! 


igure 4 ; 

te Oak ie eon! and wire ee 
ae sae four or five coats, waiting unti 
ae Rotor utting on the second, and Se a a 
ay ete loci of wood, %4x'%4xl inch ae 

ee ie m each other, on each end of ca S 
a fot supports for four sticks, ee 
ee Aine lengthwise on the coil and He ie 
ee eo wire, on which to win oo Dp 

ry 
Dea ke two grooves % inch deep and a 

— ate : this measurement a trifle full avs 
ae ant 3 inch apart, the edge of the first g 

sal : 
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ie Se ? 
Ue oe from the end of the coil on the strip 
ae mi at the top of the coil when finished 
See a : - ihe - Aes Hae direction as when 
eee 5 - two grooves 334 inch 
ae pecad on the next stick, 414 inches ae oe 
pe haee fees to the strip from which the 
a ade 574 inches from the end, making the 
ee. just * inches away from the first ones cut 
one nes on until enough grooves have been cut to 
ae pes double turns of wire in. Procure 
Se O ; 0.6 B. & S. gauge soft drawn bare 
mae pee wind four double complete turns 
Fae Ss, fastening same into the grooves b 
§ with stout cord or twine. All of the pccaie 


Finished Coil 


Operations are clearl | 
the phowographs are ee in Fig. 1, and also by 
ain a sheet of hard rubber 1814x91,x1/ | 

aa to fit perfectly tight in the oe me 
ee eae Drill the holes for serews around the 
ies : en drill a hole at each end Y% inch in 
- ae the center of the hole to be 134 inches fro 

e side and 134 inches from the end of the Abe 


sheet as shown in Fig. 2. 
of the rubber sheet drill two 
4 inches apart and each one % 
the end, as also shown in Fig. 2. 

Insert in the first mentione 
tubes % inch in diameter, p 
the cover, and 6 inches abov 


inch of 8/32: thread on eac 
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Also on the opposite edge 
holes 1% inch in diametet 
" inches to center, fron. 


d holes hard rubber 
rojecting 2 inches below 
e, fastening same tightly 


Figure 5 


The two other holes should be 
he same kind, projecting 2 inches 
Now make four pieces of 
han the tubes, and put % 
h end, and putting these 
a binding post on the 


by cement (Fig. 3). 
fitted with tubes of t 
both above and below. 
brass rod 34 inch longer t 


rods through the tubes screw 
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top and a nut and w 


asher on th 
oe e bottom t 
the tubes. - The last operation a ioe 


ae by Fig. 38. 
ow take the coil 
of wood 1% inch t rae 


coil suspended i 
act measurements and dea roe 


not be given, and it w 
building this coil to 


simply make it fit. Photograph 5 will 


clear idea of the method used by the ee pee 


OF. 


Connec 
t the secondary terminals to the brass rod 
ard . 


C 


running through th A’ 
tightly, bei € secondary tubes 
nae mas careful not to leave any ee same 
rod ine ee from the end of the See and 
on fhe a too close to either the ee to the 
windings of ae gil case. Now a ve 
eo primary together ect the two 

» again soldering 


well, and making the windin 

ee eS the brass rods. r 
ry tubes: « This: ] , 

Seales ast Operation is so 

oe ee ee . taken not to ore ee 

Tee | close, as one of the turns Hulahe 


gs in parallel, and th 
unning through the oe 


n each end place a‘stan | 
and 
OH HHO 10 of ie making a bracket shaped ae 
SG Ghia the atk . sere. and projecting ini 
ards, and hold the p may be screwed to these stand- 
: The ex- 
a of this operation can- 
€ necessary for the person 
use the head a little bit, -and 
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Procure about five gallons of linseed or paraffine 
oil, and aiter boiling pour into the case while still 
warm, putting in enough to fill the case about 34 


full. Now lower the coil slowly and carefully into 


place, and just before screwing down the cover see 
that the oil comes up to about 4 inch from the cover. 
The placing of the coil into the oil while still warm 
drives all the air bubbles out, and diminishes the 
danger of the insulation breaking. down. However, 
theo ol must not be 100, wah when the coil is im- 
mersed, as the heat might melt the rubber tubes and 
cause the rubber top to walp. 

A number of different methods of connection are 
shown by the diagrams ‘Ape? and “C,. and these 
may all be tried. he amateur using this coil will ex- 
perience some difficulty in obtaining the right length 
of spark and the right capacity of the condenser, but 
when the right adjustment is found the coil will be 
found to work very satisfactorily. Of course with a 
larger induction coil, for instance a 3 oF 4-inch coil the 
transformer will do a ereater amount of. work, but 
as before stated, a two-inch coil is used by the author. 
A smaller coil was tried ‘but the result was very un- 
satisfactory. as 

This Tesla coil has been used both for experimental 


and for wireless work, and has given very satisfactory 


service. 


oe een ree 
A TESLA DISRUPTIVE COIL. 
By C. CLARENCE WHITTAKER. _ 


e 


The “Tesla” disruptive coil is a coil which increases 


~ both the tension and the frequency of the current of 


an ordinary induction coil. In the larger coils of this 
kind all insulating parts are made of hard rubber and 
the whole coil is immersed in paraffine or transformer 
Olly a : | 

In the coil which I will will here describe, hard rubber 
and oil will be replaced by glass and paraffine. respect 
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ively, as these are the next b 
shows a vertical cross se 
mary coil consists of 
rubber-covered wire 
wound in one layer, 


ction of this coil. 
about twenty-five turns 
such as flexible lam 


ae So ensions it must b 

ter : 

ing ae : erent De thoroughly soaked in b i] 

tseace. a is will render it entirely imper Ne 

consists of ; € secondary is wound on to eG 

ge one layer of Nos 32 08-33) Ge ead 

wige The ends of tis layer should exiend Gis 

Bene Rae ne primary layer, i 

Be see a illustration that the ee Hee 
| ondary and primary coils is the eae 

: O 


e dried in a hot oven, 


est substitutes. Fig. ] 
The, pri- 
of large 


It j p cord, 
chimney. we ee 1S wound on a glass gas lamp 


ndary is 


4i 


that in an induction coil; that is, the secondary lies 
within the primary. The upper terminal of the sec- 
ondary is brought directly to the top through a glass 
tube; the lower terminal, on account of the great dif- 
ference of potential existing between these two ends, 
must be brought to the top by leading it through an- 
other glass tube, which has been fitted to a hole drilled 
lengthwise ‘in the wooden form and to a shallow slot 
nearly perpendicular to this hole. e 

The base is attached to the thard-wood form, as 
shown in illustration, and contains two binding posts 
to which are led the terminals of the primary. 

The whole coil should now be warmed so that when 
fhe molten paraffine P is poured between the outer 
glass and the secondary, no fractures will occur. 
Enough parafhne must be poured in to completely fill 
the glass. After this has cooled, a thin wooden top, 


previously boiled in paraffine, may be fitted around 


the terminal tubes and attached to the hard-wood 
form by means of wooden plugs WW Phese sec; 
ondary terminals should be situated as far distant as 
possible, as the brush discharge from this current is very 
marked. The connections are shown in Fig. A, B, C, page 
38. 3 

The primary of this coil may be thought of as 
analogous to the antennae of a wireless station which 
is transmitting, and the secondary as analogous to 
one receiving. In regarding the coil in this light, the 
value of condensers coupled to the spark of the trans- ° 
mitting apparatus in wireless telegraphy is clearly 
shown by the following: When the condenser C is 
not used with the coil, only a small current is no- 
ticeable at the disruptive terminals; but when the con- 


‘denser is attached, as in Fig. A, B, C, a multitude of: 


high tension discharges occur. 

However paradoxical it may seem that this disrup- 
tive discharge is of so high a tension and frequency 
that no perceptible shock can be obtained from it, it 
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is nevertheless true. Th 


e sli 
which is ex 


. ght burning sensation 
perienced wh 


en the current is passed 
he bare 


- Operated 
Both terminals in the 


Tare acca AE 


SULATED TESLA COILS. 
A Tesla coi] suitable for use with 


from 2 to 6” spark, with air as 
made as follows: 


11” long, wind 1 1 


AIR-IN 


spark coils of 
an insulator, may be 
On a paper tube 3” in diameter and 


ayer of No, 31. Be & S: enamel wire. 


SECONDARY Cow 


PRIMARY Cow 


HARD RuBaBes 
wy . 
STRIPS 553 


% FOUND Wooo 
Brocnr 


Figure 1 


This is the secondary and is supported as shown in 
Bigs]; 

The primary is formed of 20 turns No. 14° BS 87S, 
solid or better stranded COpper wire, rubber covered, 


. Ce ee E 
AIR-INSULATED TESLA COILS. 


: 6” in diameter 

aper or hard rubber tube area 

od o" ee This coil if properly used, oe ae 

hi h frequency sparks, between its. eae ys f 

fate when operated by a good 2 SP a 
class plate condenser made of 12 plates, 


PER’ 
~«— TRANSFOR 


igen ee 
CONDENSEF © spar GAP 
x 


eT emnemenenmuned 
RS 


= G 
Figure 2 


TxBe must 
with tinfoil on both 1 6 a Pee a me 
justed ver caretully : 
ee ondeucer plates until the maximum efficiency 
: ae an Oudin resonator out of ae ole oe 

the punaty coil down to the bottom o e 
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ondary, and- wind secon 
smaller, 

K. W. trans- 
former, can be constructed along the following lines. 
Make the secondary of ] layer of No, 27 B. GS. 
enamel wire, Spacing the turns the thickness of No. 
“% wire apart, on a paper tube 6” in diameter and 20” 
long. The primary may consist of 15 turns No. 6 

mM wire wound on a tubetor drum 12” in diam- 
eter and 8” long, spacing the turns ya apart.. The 
coils should be supported as shown in Mig to he 
condenser may be the regular 144K, W. condenser, 
made of glass plates. The spark gap, condenser and 
primary clips should be adjusted simultaneously until 
the desired results are obtained. This Tesla coil may 
also be operated Dy 2, Pee induction coil, 


Si Mean epee CEE oe 


A LARGE DEMONSTRATION TESLA COIL. 
A large Tesla coil, such as used for electrical dem- 


Onstrations on the stage, lectures, etc., may be con-: 


structed at small cost, and can be Operated by a 34-1 
KW: transformer, or 187-90” Spark coil, 3 


ake up a secondary drum 11” in diameter and 45” 
long. A primary drum or cage 10” long by 22” in 
diameter. 


This coil 

€ sparks 3 feet long, when Properly operated. 
, : 

EXPERIMENTING WITH THE TESLA COIL. 
By H. Gernspacx. | 


There seems to be a general dearth of matter on this 
subject. . This is not surprising when we bear the fact. 
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: i 
in mind that literature on Tesla high frequency cu 


7 The few books treating 

is very scarce indeed. ° 

a fie cubiect are so purely technical ee a ie 
ee experimenter gets hopelessly entang 


f theories, foot-notes 
3 low through the maze o ee 
Ad anaes useful only to the hardened scien 


TERA ee 


jeer 


CEC 


Nase 
ey 


Figure 1 


ets : 
The scope of the present article is to ae ge 
rimenter. and amateur more fully se Cen He 
the wonderful high frequency ee ues 
dulging too’ much in theory, so thoroughly 
| | ter ok See 

eee ibed in this article can 
he experiments descri ! ti 

Re Sear etre the Tesla coils described oe 


in this book, 
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chapter a coil 
is ‘shown for 
derstood that 


Figure 2 


ments can be performed with a spark coil alone, 
matter how large. 


no 
Although the potential 


of a well constructed Tesla 


currents are less dangerou 
even @ three-inch spark coil. 
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eriment to the in- 
the most puzzling exp ork is 
di Pe ne only Rte so ae ee eee 
| nee menon.of the impedance. | ae eter 
a ced is “seeming resistance.” If we s 
-O 


“Figure 4 


heavy wife, 
ircuit an electric lamp by means oe eee a 
eee ld hardly expect that we oer dept Us 
ce ae short-circuited, under ordinary 
amp 


stanc Se f 


yk 


ME. 


+ 

rat “at i: 

1) Be he 
i 


Figure 5 


i i rted 
light. up several lamps, despite their being sho 
with heavy ae we eee Fig. 1. One or more 

ement is $ mor 
el te are made to slide up and down 
») pd 
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D TRANSFORMERS. 
: be ue cee loop. This 
we tO the, Tesia co; 
oil 
eonsen (Leyden Jar). ai 
enser terminates at a 


Figure 6 : 


ball is. placed o as : 
: OSIt 5 : 
to the Avice oe Ite the first one and is connected 
no 
balls, 


Figure 7 


the highest de 

tained. : 
Experimen 

when the Wi 


r ; ry @ 5 
Stee of incandescence IS quickly ascer- 


S with the im 
Ire of the loop 


pedance will come ou 
t best 
iS very heavy. A copper 
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rod even % inch thick bent’ into shape as shown in 
Fig. 1 will give excellent results. a 
_ Another interesting experiment with the impedance 


Figure 8 


is shown in Fig. 2. It represents an ordinary incan- 
descent lamp having a straight filament. One would 
be led to think that the current would take its way 


Figure 9 


from terminal to terminal. Under certain conditions, 
however, the carbon filament stays black, and sparks 
jump from one terminal to the other, as if the fila- 
ment was not there at all, or as if it were an insulator. 
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In Operation, five typical forms of discharges. are 
observed with the Tesla coil, [fF we use little ctr. 
rent (amperage) in the primary circuit, we obtain a 
thin light thread between two sh | 


If we Increase the 
we produce the flame : : 
is capable of radiating quite a good deal of 
the noise produced by the flame is little; much less, in 
fact, than the spark discharge of a /One-inch coil. 

The previous two experiments could not be Strictly 
termed as ‘high frequency ones, as the: alternations 
were comparatively low." If’ we Increase the current 
still more we obtain the high frequency arc discharge. 
Same is characterized by the brush discharge which 
takes place on all the meta] terminals CRig5) phe 
are produces a good dea] of ozone, which makes itself 
known by a Peculiar, but pleasant and invigorating, 
odor, 

By further increasing the amperage and by sep- 
arating the discharging rods but little, we obtain a 
peculiar spark discharge composed of 
blinding, white threads 
spiay. .(Hig.26) Ean 
ful; it can be f 


duce -a rather 

armless. | ic 

Fig.’ 7 shows the fifth typical form of discharge. 
When the current is increased to its Maximum, and 
when the oscillations have reached their highest value, 


eee if produced at all it will only take place 
Cc bf 


when the rods are quite close together. 
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it is quite hard to confine the charge to the discharg- 


It is neither easy to obtain a spark dis- 


ire 
A short piece of thin, cotton covered copper w 


a 


TIME. 


Figure 10 Figure 11 
igu 


il i in 
hen attached to one end of the coil is enveloped 
when. 


ge 8) | 
light discharge (Fig aoe i 
: eee another interesting eae 
‘pro te im 
in the dark, is qui } 
a copper wire attached to one end o 
very ; 


he bare 
the coil, rotates, in a‘circle. The length of ¢ 


P 
si 





~ 


S made, whic 


he other 
Pole carr 
meter being aPpproxim 


ELECTRICAL STARS. 
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and the consequence is that the colors “mix” or 
mingle producing new colors and new effects. This 
is especially true of the Geissler tube containing flu- 
orescent liquids, | 

If we now screw the coil vibrator back, (slowing 
down its speed) we will at a certain point find that 
we have a seemingly slow revolving star which may 
have 8 to 16 corners, If the speed of the vibrator is 
reduced still further, we can set a4 or 8 cornered 
star which is “standing still” despite the fact that 
the tube is revolving at high speed. The strangest 
part, however, is that sometimes while we look on the 


Figure 1 


direction of the star is reversed, revolving in the 
opposite direction of that of the motor, 

To understand how this is brought about, we have 
to remember that the current of 4 spark coil passing 
through the tube is not continuous, but is interrupted 
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all the time by the interruptions of the vibrator, 
While the tube is at rest we fail to observe these ‘in- 
terruptions, as they are too fast for Our eye to follow. 
It is the same with an electric bell: the clapper of 
same is striking so fast that our ear cannot hear 
each stroke, and 4 continuous sound is the result. 

In the rotating tube we are made to see the inter- 
ruptions, as if for instance four interruptions occur 


.Migure 2-2 


while the tube has turned around once, we must of 
course see four tubes at Practically the same time. 
Therefore, if there are four interruptions to one revo- 
lution we see an 8-cornered star (each tube having 
two ends). If we have eight interruptions we shall 
see a 16-cornered star, and so on. : ; 

If the interruptions of the vibrator per second are 
less fast than the revolutions of the tube per second, 
the star will obviously turn backward. 


~ 
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If the speed of the tube and that of the ae 
is the same the star will stand still (Fig. eh oo 
shows the tube as.it appears under very ae a 
tions. The photographs, however, cannot do - 
tubes justice, as we cannot: take -an: pene 
photograph on account of the weakness of the o 


of the tube. on aia 











Figure 4 


As for the apparatus to revolve the eee 
dinary small battery motor, raised, so that the 
does not touch the table, is used (Fig. 8). ae 

The axle of the armature should be lengt ee . 
allow a rubber disc O of about one inch diame oe 
be fastened on same. This disc has a groove aoe 
its circumference so that a copper wire can be 
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ae ae brass strip B is made to rest against the 
weer disc so that it keeps contact with the co 
wire while the armature revolves the disc ao 
A hard rubber tube H is also forced on the axl 
and two brass rods R and R’ are fastened by mea ‘ 
of shellac In the tube. It is important that the de 
fit ee R goes all the way through the tube to 
touch the axle. R’ does not reach the axle and should 
be about 12 inch away from ‘same. A thin wire { 
goes to the rubber disc and is fastened t ae 
COPPer wire it the oreoye Ss £0es to as tin ie 
make contact with the axle. The coil elon is led to 
the posts of S and B, and will Operate the tube. Th 
remaining two binding posts belong to the m t : 
proper, which revolves the tube. es 
The high tension current from the coil flows thus: 
an S to axle, thence to R, passes the tube, goes 
co » wire in rubber disc O, brass Strip, Bi back to 


Two binding posts ar 
e made to slide on th 
take larger or smaller tubes, . oe 


CHAPTER IV. 


THE HIGH TENSION TRANSFORMER. 


By M. A. DEviny. 


The high tension alternating current transformer 
for producing exceedingly high potentials from a low 
potential source of supply has been so perfected in 
recent years that it 1s now rivaling the induction coil 
for general experimental purposes, and, owing to the 
many marked advantages possessed by it over the 
ordinary type of induction coil, it 1s rapidly supplant- 
ing the latter in nearly all of the high powered long 
distance wireless telegraph stations. The reasons for. 
this substitution are many; it being chiefly due to 
the extreme simplicity, high efficiency and the pos- 
sibility of construction so as to obtain large outputs: 
—three very important factors in connection with 
long distance commercial transmission — which are 
possessed by the transformer. 

The principle upon which the device operates 1s, 
no doubt, familiar to the majority of the readers of 
this book, but, as is the case of all electromagnetic 
appliances, a thorough understanding of its action can 
only be obtained by a complete mathematical analy- 
sis of the considerations involved, but for the bene- 
fit of those who have not studied the subject, a brief 
summary of the general operating principles may be 
of interest. 

The transformer in its simplest form consists pri- 
marily of two electrically independent coils of insu- 
lated wire, of any desired number of turns, which are 
wound upon a closed iron ring in the manner shown 
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Figure 1 
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From this it is evident that if some means were 
provided for continually making and breaking the 
primary circuit a sustained alternating current could 
be obtained from the secondary winding. This is 
exactly the purpose of the interrupter in the primary 
circuit of the ordinary induction coil which, when 
no condenser is shunted across the vibrator terminals, 
delivers a true alternating current when the second- 
ary circuit is closed. If instead of employing an in- 
terrupter, we were to connect the terminals of the 
primary coil P directly across the line supplying an 
alternating current of the proper voltage and fre- 
quency as is shown in Fig, 2, the variations in the 


Figure 2 


magnitude of the current through the various por- 
tions of the cycle will cause corresponding variations 
in the magnetic flux produced in the core with a-con- 
sequent variable induced electro-motive force in the 
secondary. 3 

The magnitude of the E. M. F. so induced: in 5S 
will be dependent upon the amount of magnetism 
produced by the primary, which in turn will be depend- 
ent up the strength of the primary current, and the E. M. 
F. will also depend upon the number of turns composing 
the secondary. By increasing the number of turns in 
S the value of the induced electro-motive-force may 
be made anything desired so long as sufficient insu- 
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lation is provided and it will be found that the ratio 
existing between the number of turns in P and those 
comprising S js exactly equal to the ratio of the 
electro-motive-forces of the two circuits. 

example, if it is desired to raise the potential of a 
100-volt circuit to 1,000 volts, it is necessary that 
the secondary coil of the transformer employed shall 
have exactly ten times the number of turns as the 
primary coil. But in having ten times the number 
of turns, the Secondary will also have ten times as 


the two circuits—neglecting the losses in transforma- 
tion—is equal, these principles being applicable 
whether the transformer is used to raise or to lower 
the voltage of the supply. i 
If the cores of transformers were made of a solid 
ring of iron as is indicated in Fig. 2, the current in 
the primary coil would induce in jt an electro-motive- 
force for the same reasons that one is induced in the 
secondary coil and, although of small value, this 
would give rise to very in i 
the exceedingly low j 
large mass of iron. This would cause’ the core to 
heat and thus greatly reduce the efficiency of the 
device. In order 6 reduce these “circulating” or 
“eddy” currents, as they are called, the cores of all. 
transformers are invariably made up of very thin 
sheets of soft iron which ar carefully insulated from 


each other and by the leaves of a book, - 


The insulation between these “laminae” consists usu- 
ally of a coat of good insulating varnish or 


between 
small, this insulation js gener- 
ent. This form of construction 


9 
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reduces the loss by eddy oe to such an extent 
der it almost negligible. er 
On SS ocan of the difficulty of winding the wire 
on a circular magnetic circuit the cores of ees 
ers. are usually made rectangular in form, the ee 
being form-wound and placed Over two cen e 
sides of the rectangle after which the cores a t ae 
bolted together in the manner shown in Fig. 3. In ae 
mercial transformers, where maximum efficiency is o 
extreme importance one-half of each of the ee 
and secondary coils is usually wound upon cee i ae 
they being placed over each other and carefu y 


v, 
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Figure 3 


sulated. The order of the primary and the secondary 
is also reversed upon each of the limbs, that is, on wins 
limb the primary is put next to the core and ae 
secondary placed over it, while on the other limb t e, 
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The action of the alternating current transformer 
under varying conditions of load is most remarkable. 
The primary coil is often of very low ohmic resistance 
and yet when it is connected across a comparatively 
high voltage source of supply practically no current 
will flow into it so long as the terminals of the sec- 
ondary are left open. As soon as a load is put upon 
the secondary, however, current will flow into it, the 
amount depending entirely upon the current de- 
manded by the secondary load. This is due to the 
following causes: : 

When the primary circuit is closed (Fig. 2), the 
alternating current rushes into it, thereby producing 
a magnetic flux in C which oscillates in unison with 
the changes in the value of the current throughout 
the different. portions of the cycle. This flux, while 
generating an electro-motive-force, in 5, must, in 
traversing the core, necessarily also pass through the 
primary P and in doing so it generates an E. M. F. 
also in the latter. But this electro-motive force is 
directly opposed to that impressed upon P from the 
line and when S is open it is nearly equal to it. 
Hence the current taken by P under these conditions 
will be dependent upon the difference between the E. 
M. F. of the line and the counter E. M. F. or the 
self induction of P itself, and therefore it will be of 
very small value. If, however, a load consisting of 
some lamps or motors be connected to the secondary 
a current will flow through it which will tend also 
to magnetize the core just the same as P, but the 
magnetism so produced will be in opposition to that 
produced by the primary and hence the latter will 
be reduced slightly in value. This reduction will 
diminish the number of magnetic lines of force pass- 
ing through P and the opposing or counter E. M. F. 
will therefore drop slightly, thereby causing the dif- 
ference between it and the impressed E. M. F. from 
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amount that will flow into By 


In transformers designed for high potential work 
a very important factor and 


thorough insulation is 


arately on 

after the manner s] 
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der the two circuits mechanically j 

thereby greatly facilitating repairs when nec 

Such transformers, however, are never wound ewe 

duce such h oltage as those commonly abeined 
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- He very long, 
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stances this is increased to as high as 60,000 volts, 
but in many of the smaller transformers even 10,000 
volts is sometimes employed. The spark obtained is 


“very short, but as the resistance of the secondary is 


exceedingly low when compared to the resistance of 


‘the secondary of an induction coil of the same ca- 


pacity, the current obtained is relatively very large 
and the spark that it produces is thick and hot, thus 
rendering it of great advantage for. wireless transmis- 
sion. ‘These transformers are never rated by the 
length of the secondary spark but their output is al- 
ways expressed in kilowatts as in the case with com- 
mercial transformers. iy | 
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Figure 5 


The high tension transformer requires but very 
little care and attention after it has once been in- 
stalled and owing to its simple and rugged construc- 
tion: and the absence of all interrupters and other deli- 
cate and troublesome adjuncts there is practically 
nothing to it to get out of order and cause annoy- 
ance. On the other hand, they are exceedingly dan- 
.gerous and must be handled with the greatest of 


caution, as a shock caused by contact with the sec-_ 


ondary of even those of the smallest sizes will very. 
frequently prove fatal. This is due to the compara- 
tively large current which is delivered by the second- 





66 INDUCTION COILS AND TRANSFORMERS. __ 250-WATT CLOSED CORE TRANSFORMER 67 


ary and for this reason extreme care must be exer- 


* ° e 


For the core that of an old lighting transformer could 
be used, but in the absence of that, sheet stove-pipe 
iron of the dimensions shown at Figs, 1, 2, 3 and 4 
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250-WATT CLOSED CORE TRANSFORMER. 


By Carleton Hatais. 


This transformer is designed to 
100-110 volt alternating current su 
g b] e ° | 
din Bote pair of tinner’s shears and the rough edges Hout 
Over water, an be smoothered with a file. Now, beginning with one 
of the pieces with the longer leg on the bottom place 
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one with a shorter leg on 
intermeshing them until 


“FIG. a- 


leg should be % inch square. The pieces in Figs 
3 and 4 are to be intermeshed between the o ane 
ings left between the U-shaped pieces at the oe 
end after the coils are in place. | ae 


Now we come to the hardest part in the whole con- 


struction—that of making the secondary sections 
For this purpose a special winder: will have to be 
made as follows: Having obtained a square piece of 
wood Ix1x8 inches, proceed to cut down the ends 
to the dimensions shown at Pio. 5. makine the man 
drel %4 inch square at the ends. Now cut 2 pieces 
of wood % inch thick and 21% inches Square and 


top and continue alternately . 
1 you thave them all assem. 
bled. They should make a pile 78 inch thick, and each 
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make a % inch square hole in the center of each. 
One of these should be screwed permanently to the 
shank of the mandrel, as in Fig. 5, and the other 
should be secured in place by a pin passing through 
it so as to be able to remove the coils after they. 
are wound. : | 


Obtain a quantity of filter paper (such paper may 
be obtained at any druggist’s) and from it cut 40 
sections 234. inches square with a hole 1 inch square 
in center. Each of these sheets should be paraffined 
with a good quality of paraffine. After they are dry 
place two of them on the mandrel and secure the 
movable piece in place. The whole should now be 
placed in a lathe or other suitable appliance for 
winding. : 

Procure 3 pounds of No. 31 single cotton covered 
copper wire (B. & S. gauge). Since all cotton has 
considerable moisture in it, the wire should all be 
dried in an oven the temperature of which should 
not exceed 100 degrees, as temperatures above this 
tend to carbonize the insulation. After the wire is 
dry wind 1,250 turns on the mandrel between the 
two sheets of paraffined paper. The wire must also | 
pass through a dish of melted parraffine as it passes — 
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250-WATT CLOSED CORE TRANSFORMER. 7\ 
onto the mandrel. After 


should be removed, and in 
tions should be made. 

paraffine enough filter pa 
one leg of the core ALG 
placed on the core while 


the section is w 3 
ee ound : 
this manner 20 such ae On the other leg of the core wind 1800 turns of 


After these are completed No. 16 S. C. C. wire, having bound a strip of paper 
per G inches wide to ‘coc. around the core first. These terminals should also 
| be tied together. Now we are ready to place the 








the paraffine hold it ; ; warm, so as to make rest of the core in its place at the open end; these 
ite pieces 2144 Ae place. Now, make two ebon- : pieces (Figs. 3 and 4) will be found to go into the places 
a 1 inch square hole fe ae 7& inch thick, with | left by the longer and shorter legs. After they are all 
having placed one on the cate) iS 7), and after | in place a % inch hole should be bored in the 4 cor- 


the other secondary section upo 





roceed to assemble ners and a small bolt inserted. The sections should 
nN it, and‘ after all] thus be securely bolted together. All that now re- 
| mains is to mount the transformer on a suitable base- 
board of any hard wood 10x8 inches and 1 inch thick. 
Make 4 cubical blocks 1 inch on a side and place one 
of them under each corner of ‘the eore; Obtain, 2 
pieces of iron 3/16 inch thick, 1 inch wide and 6 
inches long and bore a 3/16 inch hole % inch from 
each end (Fig. 6). One of these should be placed 
across each end of the core and by means of bolts 
passing down through the holes into the base secure 
the whole firmly to the baseboard. Now get a piece 
of ebonite % inch thick, 1 inch wide and 6 inches 
long. Two large binding posts should be placed 1% 
| inches from each end (Fig. 8) and the whole sup- 
| iS HOLES For ported on 2 ebonite rods 1 inch high and % inch 
Me. 2FIG.3- Mes fears G2 | in diameter (Fig. 9), which in turn are fixed to the 
j SS | base. The two secondary terminals are now con- 
nected to the two binding posts supported on the 
ebonite and the primary terminals are also connected 
to two binding posts which pass directly through the 
base. 

The primary is to be connected in series with an 
ordinary telegraph key direct to the 100 volt alter- 
nating current and should develop a 1% inch spark at 
the secondary terminals. It should never be run with 
a spark gap of % inch, as it might injure the second- 
ary winding. For wireless it should only have a 
8/16 inch gap with condensers bridged across it. 
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HOW TO BUILD CLospn CORE 
TRANSFORMERS. 


72 to 3 K. W. Capacity. 
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Figure 1 
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when finished. One end of the core is put‘ in place, 


alter the primary and secondary coils are wound and 
put in place. The core should have its three assem- 


laminations firmly together. ees : 
Over the two longer legs A and B, Fig. 2, wind 

9-10 layers of empire cloth, making an insulating 

wall about %4” thick. This cloth should be the same 


bled ‘legs, well taped with friction tape to bind the 


length as the interior opening in the core. 


Figure 2 


We now come to the primary winding, and in the 
sizes of transformers to be considered here, there 
will be brought out from it, leads from each layer 
so that the inductance and also the secondary voltage 
may be varied as desired. ~ | 

The primary winding for the.% K. W. transformer, 
will consist of 480 turns of No. 13 B. & S. D. C. C. 
magnet wire, wound in 4 layers, bringing out taps 
from the ends of the 2nd, 3rd and 4th layers. This 
will require about 6 pounds of wire. The wire may 


be wound on a form and then slipped over oné of 


‘the transformer legs, taping the coil with ‘oiled linen 
‘bias tape or 1” strips of diagonally cut empire cloth. 
It is well to shellac each layer of the primary coil 
while winding it, and place soft rubber sleeving over 
each lead brought out, the leads being left about 
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10” long. There should alwa 
of 14” between the ends of th 
transformer iron. 

The disposition of the several taps from the pri- 
mary will be considered later on. 

The secondary winding is to be 
Dersor pies oF discs of wire, sli 
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in: this manner, makin 
versed in position, whi 
cued the core in 
all the pies are in 
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be done. 
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Figure 5 


The tr 
a Se may be operated the Way it is 
ae oon break down. To avoid this it should 
eee 2 a wood or metal case, filling the case with 
oe a ee wax, transil oil, or a wax com 
: pound of beesw : i 
i pounds cee | ax, 1% pound paraffine and 
he primar 
ne nary leads are to b 
suitable switch as in Fig. 5 Saeats 
rubber or fibre base. : 


This transform { 
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primary layers cut in, it will consume 5 amperes, at 
an efficiency of 94 per cent, which gives a secondary 
current of .046 amperes at 11,908 volts pressure. On 


3 layers of primary the secondary voltage is 17,460 
volts, and on 2 layers the secondary voltage will be 


23,012 volts. 
The data for closed core transformers of 1 K. We 


2 K. W., and 3 K. W., are given in the appendix at 
the end of the book, also dimensions, etc., of open 


core transformers. 


HOW TO FIND THE CAPACITY OF A 
CONDENSER. 
The capacity of a condenser may be calculated by 
the formula: 


ee : 2248 Ka 
C (in microfarads ) = cag 


in which (K=) inductivity value; (a=) area of die- 
lectric surface between charging surfaces; (d=) 
thickness of dielectric in inches. 

To find the joint capacity of several condensers 
connected on multiple, add their individual capacities 
thus (CoG C, Bic_© jomts,) 

The capacity of several condensers connected in 
series, is found by the formula. 


1 


1 1 
C, ue 


C joint: 


at + Etce,; 








APPENDIX 


Practical Tables Used In Constructing 


SPARK COILS AND TRANSFORMERS. 
DATA ON CONDENSER CONSTRUCTION. 
IRON CORE DIMENSIONS. 
SPARKING DISTANCES. 
WIRE VALUES, ETC. 
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